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ing point of the respective oil fraction to be separated.
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Description

[0001] The presentinventionis directed to a process and an apparatus for winning oil from a vapor gas mixture obtained
by the pyrolysis of a hydrocarbon containing material, in particular oil shale, wherein the vapor gas mixture generated
in the pyrolysis containing several oil fractions is dedusted and the oil fractions are separated based on their condensation
temperature.

[0002] In order to obtain oil from oil shale, the oil shale is directly heated by a hot heat carrier (ash) to a temperature
of about 500°C in a rotary kiln. Hereby, oil evaporates from the oil shale forming the so called vapor gas mixture (VGM).
The vapor gas mixture (a gas containing also fine particles) is then quenched in a condensation unit for winning the oil.
This oil contains particulate material (fines) which traditionally are separated from the oil in a scrubber. The dust particles
collected by droplets produced in the scrubber can be found in the cooled oil at the scrubber bottom. The thus dedusted
oil is further treated in a rectification column to separate various oil fractions contained in the pyrolysis oil based on their
boiling point in a multiple distillation.

[0003] Rectification is a standard procedure and described, e.g., in Ullmann’s Encyclopedia of Industrial Chemistry,
Distillation, chapter 4 Rectification (Multi-stage Distillation), Weinheim 2010, Wiley-VCH Verlag GmbH & Co. KG aA,
DOI:10.1002/14356007.B03_04. pub2. There are, however, several problems in adequately controlling the fractionation
separation in the rectification column. Rectification columns usually operate with a substantial amount of reflux reducing
the productivity. Further, due to the packings provided in the rectification stages there is a substantial pressure loss over
the column.

[0004] Itis the object of the present invention to provide for a more efficient production of oil from oil shale or the like.
In particular, the separation of the desired oil fractions contained in the vapor gas mixture obtained by pyrolysis shall be
optimized.

[0005] According to the present invention there is provided a process comprising the features of claim 1, wherein the
dedusted VGM is cooled and subsequently fractionated in at least two electrostatic precipitator stages at a temperature
adapted to the boiling point of the respective oil fraction to be separated. The invention, therefore, replaces the standard
rectification column by several electrostatic precipitators and coolers. The cooling and aerosol precipitation by the elec-
trostatic precipitators ensures the capturing of almost all oil condensate droplets of the desired oil fraction without
additional energetic expense. In comparison to the standard rectification column the electrostatic precipitators do not
require any or at least less reflux so that the apparatus can be built smaller and makes the process more efficient.
Further, the apparatus does not need to contain any packings and the pressure drop is much smaller.

[0006] An electrostatic precipitator (ESP) is a particulate collection device that removes particles from the VGM using
the force of induced electrostatic charge.

[0007] It should be noted that instead of oil shale other hydrocarbon containing materials, such as oil sand, biomass,
plastics, oil wastes, waste oils, animal fat containing materials, or vegetable oil containing materials may be used for
the process of the present invention as long as a vapor gas mixture containing oil fractions can be produced by the
pyrolysis of said material. Preferably, the hydrocarbon material contains 8 to 80 % by weight of hydrocarbons.

[0008] Depending on the number of desired oil fractions, the amount of coolers and electrostatic precipitators can be
adjusted for defining the oil fractions according to their boiling points.

[0009] According to a preferred embodiment of the present invention the vapor gas mixture comprises 40 to 90% by
weight of C;, hydrocarbons, 4.5 to 40% by weight of C,_ hydrocarbons, 0.01 to 30% by weight of non condensable
fractions (i.e. gases like Hy, N5, H,S, SO,, NO, etc.) and 5 to 30% by weight of water. Preferably, the composition of
the vapor gas mixture is as follows: 55 to 85% by weight of C;, hydrocarbons, 7 to 25 % by weight of C,_ hydrocarbons,
0.1 to 15% by weight of non condensable fractions and 7 to 20% by weight of water, more preferably the composition
of the vapor gas mixture is as follows: 60 to 80% by weight of C5, hydrocarbons, 13 to 22% by weight of C4_ hydrocarbons,
0.3 to 10% by weight of non condensable fractions and 7 to 15% by weight of water. In the dedusting stage prior to the
electrostatic precipitators the dust contained in the original pyrolysis oil is substantially removed so that the VGM entering
the fractionation stage preferably has a dust content of < 30 ppm.

[0010] Preferably, the electrostatic precipitator is operated at a voltage of 5 to 120 kV.

[0011] Ina preferred embodiment of the invention, the voltage imposed by the electrode of the electrostatic precipitator
is individually controlled for each fractionation stage so that an optimum electrode voltage is provided depending on the
gas composition, which may change from stage to stage.

[0012] The cooling of the VGM may be performed in a separate cooler or within the electrostatic precipitator. Preferably,
an indirect cooling with water or air is provided. For direct cooling, oil may be injected into the VGM.

[0013] The VGM may be introduced into a stage of the electrostatic precipitator at the top or at the bottom so that a
co-current or a countercurrent operation is possible.

[0014] In a preferred embodiment of the invention a part of the oil withdrawn from the electrostatic precipitator is
recycled to the electrostatic precipitator for directly cooling the VGM within the precipitator.

[0015] In order to ensure a very low dust content of the VGM entering the fractionation stage, the dedusting of the
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VGM originating from the pyrolysis is performed in an electrostatic precipitator operated at a temperature of 380 to
480°C. This electrostatic precipitator is operated in dry state at a temperature above the condensation temperature of
the oil so that the dust is separated without any condensation of oil. This substantially reduces the contamination of the
product (pyrolysis oil) so that the subsequent fractionation results in products of higher quality. The electrostatic precip-
itator is a highly efficient filtration device that minimally impedes the flow of gases through the precipitator and can easily
remove the fine dust particles from the VGM. For implementing the present invention, the electrostatic precipitator may
be a tube, plate or a chamber precipitator, wherein a tube precipitator is preferred. Generally, the present invention,
however, can also be used with standard dedusting techniques such as a scrubber or a hot filtration device like ceramic
or metallic or other heat resistant candles.

[0016] The invention is also directed to an apparatus for winning oil from a vapor gas mixture obtained by the pyrolysis
of an oil containing material, such as oil shale, which is suited for performing a process as described above and comprises
a dedusting stage for removing dust from the VGM and a separation stage for separating oil fractions of the VGM based
on their boiling points. According to the invention, the apparatus comprises at least two electrostatic precipitator stages
each associated with a cooling stage and operated at a temperature adapted to the boiling point of the respective oil
fraction to be separated.

[0017] In one embodiment, each electrostatic precipitator is associated to a separate cooler.

[0018] Preferably, the distance between the electrode and the precipitator walls is 100 to 1000 mm, more preferably
200 to 600 mm.

[0019] In another preferred embodiment, the electrostatic precipitator is formed as a condensation column comprising
an electrode for each fractionation step. Thereby, a compact structure is possible while the separate electrodes provide
for an efficient definition of the fractionation at the various stages.

[0020] In the condensation column, the electrostatic precipitator comprises a number of trays corresponding to the
number of oil fractions to be separated, so that these oil fractions can be reliably captured and withdrawn.

[0021] Itis preferred that the electrostatic precipitator has cooling walls (with/without increased surface), which assist
or replace the separate coolers. Thereby, a more compact structure is possible.

[0022] The invention now will be described in more detail on the basis of preferred embodiments and the drawing.
[0023] In the drawing:

Fig. 1 is a schematic view of an apparatus according to a first embodiment of the present invention,
Fig. 2. a modification of the apparatus according to the first embodiment,

Fig. 3 the result of a simulated distillation based on the apparatus according to Fig. 2,

Fig. 4 the apparatus according to a second embodiment of the present invention,

Fig. 5. a modification of the apparatus according to the second embodiment,

Fig. 6 the result of a simulated distillation based on an apparatus according to Fig. 5.

[0024] In the first embodiment of the present invention as shown in Fig. 1 an apparatus for winning oil comprises a
first electrostatic precipitator (ESP) 1 for dedusting a vapor gas mixture (VGM) obtained by the pyrolysis of oil shale or
any other suitable material. The electrostatic precipitator 1 is operated at a temperature of 380 to 480°C, and a voltage
of 5to 120 kV is imposed by an electrode 2. Thereby, the dust is separated from the oil vapor and settles on the tube
walls from where it can be removed by rattling or other suitable mechanical measures. The dust is withdrawn via line 3.
The electrostatic precipitator 1 may have one or more stages and combine dry and wet electrostatic precipitators.
[0025] Subsequent to the dedusting stage in electrostatic precipitator 1 several fractionation stages are provided for
separating the pyrolysis oil obtained from the dedusting stage into various oil fractions. Each such fractionation stage
comprises a cooler 4 and a subsequent electrostatic precipitator 5. The electrostatic precipitators preferably are operated
as wetelectrostatic precipitators. The wet precipitators are operated at atemperature below the condensation temperature
of hydrocarbons contained in the gas. As the VGM is cooled, small condensed droplets are formed which are dispersed
as aerosols in the gas stream. The main part of the condensed droplets is collected at the cooler surface, the droplets
remaining in the gas stream, being small enough, pass through the cooler. After charging them via the electrode, they
are separated at the counterelectrode. Thereby, the wet electrostatic precipitators precipitate all wet/condensed com-
ponents from the gas. The electrostatic precipitators 5 are tubular filters wherein a suitable distance between the electrode
7 inducing the electrical field and the precipitator walls 5a is 100 to 1000 mm, preferably 200 to 600 mm. This obviously
depends from the dimensions of the electrostatic precipitator.

[0026] In the coolers 4 the VGM is cooled to a temperature corresponding to the boiling / condensation point of the
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desired oil fraction. For example, in the first fractionation stage (cooler 4.1 and electrostatic precipitator 5.1) the VGM
is cooled to about 270°C to condense a heavy oil fraction. The electrostatic precipitator 5.1 operates at a constant
temperature = 10°C of the cooler downstream temperature. The oil fraction that condenses in the cooler 4.1 is accu-
mulated and withdrawn via line 6.1. In the electrostatic precipitator 5.1 a voltage of 5 to 120 kV is imposed by an electrode
7.1. The electric field ionizes droplets thereby enhancing the deposition on the walls so that the condensed heavy oil
fraction may be withdrawn via line 8.

[0027] The remaining VGM then is conducted to the next fractionation stage which basically corresponds to the first
fractionation stage but operates at a lower temperature corresponding to a boiling/condensation point of the next heavy
oil fraction. The number of the fractionation stages 1 to n corresponds to the number of the desired oil fractions to be
separated. The temperature differences between the fractionation stages as determined by the respective coolers 4 and
electrostatic precipitators 5 is e.g. 50°C. It, however, is not necessary that the temperature intervals between the frac-
tionation stages are regular. It is just as well possible that irregular intervals are chosen depending on the desired oil
fractions.

[0028] In the modification of the first embodiment according to Fig. 2, the fractionation stages are shown in more detail.
The temperature of the electrostatic precipitators 5.1 and 5.2 is maintained by respective electrical trace heaters 9 or
any other suitable heating device.

[0029] Downstream the dedusting stage the dedusted VGM s cooled in cooler 4.1 by indirect air cooling before entering
the first electrostatic precipitator 5.1. Contrary to that, the cooler 4.2 upstream the second electrostatic precipitator 5.2
is provided as an indirect water cooler. The cooling medium may be chosen as required.

[0030] While Fig. 2 shows two electrostatic precipitation stages 5.1 and 5.2 only for separating a heavy fraction and
alightfraction of the pyrolysis oil, it can be easily understood, that additional cooling stages 4 and electrostatic precipitators
5 may be provided to increase the selectivity of the fractionation and to obtain more oil fractions.

[0031] Inthe embodiment according to Fig. 4, the fractionation of the dedusted VGM is performed in an electrostatic
precipitator 10 formed as a condensing column comprising electrodes 11 for each fractionation step.

[0032] The VGM gas leaving the dedusting stage 1 is introduced into the lower part 12 of the electrostatic precipitator
10. From there it enters the first stage of the electrostatic precipitator where it is cooled to a predetermined temperature,
for example by injecting recycled oil or by cooling walls or elements, so that a heavy oil fraction is condensed and
collected on a tray 13.1 and withdrawn from the column. The remaining VGM is introduced into the next stage at a
predetermined lower temperature to condense the next desired oil fraction, which is collected on tray 13.2 and withdrawn
from the column. The then remaining VGM is introduced into the next stage which is operated at a predetermined
temperature for condensing a high boiling oil fraction (light oil fraction) which is collected on tray 13.3 and withdrawn
from the column. The offgas is withdrawn via line 14. For each stage of the electrostatic precipitator 10 an electrode 11
is provided with imposes a suitable voltage adapted to the gas composition in the respective stage, usually between 5
and 120 kV.

[0033] Fig. 5 shows a more detailed structure of the electrostatic precipitator 10. For simplification purposes, only two
fractionation stages are shown for withdrawing a heavy oil stream and a light oil stream.

[0034] The dedusted VGM is introduced into the lower part 12 of electrostatic precipitator 10. Heavy oil collected at
the bottom of the electrostatic precipitator 10 is withdrawn by means of a pump 15.1 and cooled in an indirect water
cooler 16.1. The oil stream then is separated into a product stream withdrawn via line 17.1 and a recycle stream recycled
to the column via recycle line 18.1 and introduced into the electrostatic precipitator through nozzle 19.1 to cool the VGM
introduced into the electrostatic precipitator 10. Thereby, the heavy oil fraction condenses and is collected at the bottom
of the column and withdrawn via pump 15.1. The remaining VGM enters the upper part 20 of the electrostatic precipitator
10 at approximately 270°C. In a structure similar to the lower part 12 the oil fraction condensing in the upper part 20 of
the electrostatic precipitator is collected on a tray 21 and withdrawn via pump 15.2 and indirectly cooled in cooler 16.2
to room temperature. Again, the oil stream is divided in a product stream withdrawn through line 17.2 and a recycle
stream to the electrostatic precipitator via nozzle 19.2 in order cool the VGM entering from the lower part 12. The offgas
is withdrawn through line 14.

[0035] The electrodes 11 are centrally mounted to the ceiling 22 of the electrostatic precipitator 10 and extend into
the respective part 12, 20 of the electrostatic precipitator. The electrode 11.1 and 11.2 are separated from each other
by an isolator 23.

[0036] While in Fig. 5 only two parts 12, 20 of the electrostatic precipitator 10 are shown for obtaining a heavy oil
fraction and a light oil fraction it can be easily understood that additional parts may be provided in order to increase the
selectivity of the electrostatic precipitator 10 and to obtain additional oil fractions.

[0037] The invention will now be further explained by way of examples which are based on research plants according
to figures 2 and 5, respectively.
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Example 1 (based on Fig. 2)
[0038]

Table 1: Vapor gas mixture VGM
Composition of VGM before electrostatic precipitator 5

H2 6,2 g/h
Methane 13 g/h
CcoO 9,6 g/h
Cco2 128 g/h
Ethylene + Ethane 17 g/h
Propylene + Propane 14 g/h
HC4 to HC6 23,6 g/h
water 110 g/h
Pyrolysis oil, condensable at 23°C 310 g/h

[0039] The vapor gas mixture (VGM) is produced by pyrolysis of oil shale type | and is then dedusted. The composition
of the VGM is found in table 1. The dedusted VGM stream enters the indirect air cooler 4 at 430°C and is cooled down
to 280°C. Due to the cooling to 280°C the heavier components of the VGM stream condense. A part of the condensed
phase separates from the gas stream in the cooler but a significant fraction of the condensed phase leaves the cooler
as afine aerosol. The fine aerosol is then separated by the electrostatic precipitator 5. The temperature of the electrostatic
precipitator is controlled by an electrical trace heater 9 to 280°C. The applied voltage to the electrodes 7 is controlled
between 5 kV and 20 kV. A heavy fraction of pyrolysis oil of 37 g/h (12 wt.-% of total collected oil) was collected by air
cooler 4.1 and electrostatic precipitator 5.1.

[0040] The remaining VGM is then cooled down to 23°C and enters a tubular electro static precipitator 5.2 that is also
operated at 23°C. The applied voltage to the electrodes is controlled between 5 kV and 20 kV. A light fraction of pyrolysis
oil of 275 g/h (88 wt.-% of total collected oil) is collected.

[0041] Fig. 3 displays the results of the simulated distillation of the heavy and the light oil fraction. The results dem-
onstrate the high differences of the boiling point curves for the two obtained oil fractions.

Example 2 (based on Fig. 5)
[0042]

Table 2: Vapor gas mixture VGM
Composition of dedusted VGM

H2 14 g’h
Methane 24 g’h
(6]0) 16 g’h
CO2 240 g’h
Ethylene + Ethane 38 g’h
Propylene + Propane 26 g’h
HC4 to HC6 51 g’h
water 400 g’h
Pyrolysis oil, condensable at 23°C 580 g’h

[0043] The vaporgas mixture (VGM) is produced by pyrolysis of oil shale type Il and is then dedusted. The composition
of the VGM is found in the table 2. The dedusted VGM stream enters the lower part 12 of the condensation unit 10. The
condensation unit is a tubular arranged electrostatic precipitator. A voltage of 12 - 17 kV is applied to the electrode 11.1.
The VGM is cooled down to approximately 270°C by the heavy oil recycle stream that is injected via nozzle 19.1. The
injected heavy oil mist and the additionally condensed fraction of the VGM are separated from the gas stream by the
electric field. A pump 15.1 is pumping the heavy oil to the nozzle 19.1. After the indirect water cooler 16.1 a certain
fraction of heavy oil is removed as heavy oil product stream. The remaining fraction is recycled through the nozzle 19.1
to the electrostatic precipitator 10.

[0044] The remaining VGM enters the upper part 20 of the electrostatic precipitator 10 at approximately 270°C. A
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voltage of 15 - 25 kV is applied to the electrode 11.2. The remaining VGM is cooled down to approximately 23°C by a
light oil recycle VGM are separated from the gas stream by the electric field. A pump 15.2 is pumping the light oil to the
nozzle 19.2 via the cooler 16.2. After the indirect water cooler 16.2 a certain fraction of light oil is removed as light oil
product stream. The remaining fraction is recycled through the nozzle 19.2 to the electrostatic precipitator 10. The offgas
leaves the condensation unit through line 14. A pyrolytic water stream of 400 g/h is discharged, which forms a separate
phase in the obtained oil fraction and can be separated by known techniques like decanting or likewise.
[0045] A light oil product stream (line 17.2) of 500 g/h (86% of total collected oil) and a heavy oil product stream (line
17.1) of 80 g/h (14% of total collected oil) are collected.
[0046] The results of the simulated distillation of the light and the heavy oil product are displayed in Fig. 6.
Reference number
[0047]
1 electrostatic precipitator
2 electrode
3 line
4 cooler
5 electrostatic precipitator
5a  precipitator wall
6 line
7 electrode
8 line
9 electrical trace heater
10  electrostatic precipitator (condensing column)
11 electrode
12  lower part of electrostatic precipitator 10

13 tray

14 line (offgas)

15  pump
16  cooler
17  line

18 recycle line
19 nozzle
20  upper part of electrostatic precipitator 10

21 tray
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VGM  vapor gas mixture

Claims

10.

1.

12.

13.

Process for winning oil from a vapor gas mixture (VGM) obtained by the pyrolysis of a hydrocarbon containing
material, such as oil shale, wherein the VGM containing several oil fractions is dedusted and the oil fractions are
separated based on their condensation temperature, characterized in that the dedusted VGM is cooled and sub-
sequently fractionated in at least two electrostatic precipitator stages at a temperature adapted to the boiling point
of the respective oil fraction to be separated.

Process according to claim 1, characterized in that the VGM comprises 10-90 % by weight of C, hydrocarbons,
4.5-40 % by weight of C,_ hydrocarbons, 0.01-30 % by weight of non condensable fractions and 2-30 % by weight
of water.

Process according to claim 1 or 2, characterized in that the electrostatic precipitator is operated at a voltage of 5
to 120 kV.

Process according to any of the preceding claims, characterized in that the voltage imposed by the electrode of
the electrostatic precipitator is individually controlled for each fractionation stage.

Process according to any of the preceding claims, characterized in that the VGM is cooled within the electrostatic
precipitator.

Process according to any of the preceding claims, characterized in that the VGM is introduced into a stage of the
electrostatic precipitator at the top or at the bottom.

Process according to any of the preceding claims, characterized in that a part of the oil withdrawn from the
electrostatic precipitator is recycled to the electrostatic precipitator for cooling the VGM.

Process according to any of the preceding claims, characterized in that prior to the fractionation the VGM is
dedusted in an electrostatic precipitator operated at a temperature of 380 to 480 °C.

Apparatus for winning oil from a vapor gas mixture (VGM) obtained by the pyrolysis of a hydrocarbon containing
material, such as oil shale, in particular for performing a process according to any of the preceding claims, comprising
a dedusting stage for removing dust from the VGM and a separation stage for separating oil fractions of the VGM
based on their boiling points, characterized by at least two electrostatic precipitator stages (5, 12, 20) each asso-
ciated with a cooling stage and operated at a temperature adapted to the boiling point of the respective oil fraction
to be separated.

Apparatus according to claim 9, characterized in that each electrostatic precipitator (5) is associated to a separate
cooler (4).

Apparatus according to claim 9 or 10, characterized in that in the electrostatic precipitator (5) the distance between
the electrode (7) and the precipitator walls (5a) is 100 to 1000 mm.

Apparatus according to claim 9, characterized in that the electrostatic precipitator (10) is formed as a condensation
column comprising an electrode (11) for each fractionation step.

Apparatus according to claim 12, characterized in that the electrostatic precipitator (10) comprises a number of
trays (13) corresponding to the number of oil fractions to be separated.
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14. Apparatus according to any of claims 9 to 13, characterized in that the electrostatic precipitator (10) has cooling
walls.

15. Apparatus according to any of claims 9 to 14, characterized in that an electrostatic precipitator (1) operated at 380
to 480 °C is provided upstream of the fractionation stage for dedusting the VGM.
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